Enhancement of Hydrocortisone Permeation of Human and Hairless Mouse Skin by 1-Dodecylazacycloheptan-2-one  by Hou, Sui Yuen E. & Flynn, Gordon L.
Enhancement of Hydrocortisone Permeation of 
Human and Hairless Mouse Skin by 
t-Dodecylazacycloheptan-2-one 
Sui Yuen E. Hou, Ph.D. , and Gordon L. Flynn, Ph.D. 
College of Pharm:lcy. University of Michig:an. Ann Arbor. Michigan. U.S.A. 
The influence of l-dodecylazacycloheptan-2-one (Azone) 
on the j'l ,,;Iro permeation of hairless mouse skin and human 
epidennjs by hydrocortisone was studied as a function of rhe 
a.mount of Az.one solubiliz.ed and/or emulsified into aqueous 
media applied to the membranes using [he infinjte~dose tech-
nique. The permeability-enhancing effect of Azone increases 
with increasing Azone total concentrations until 0. 1 % is 
reached with mouse skin and 0.01 % is reached for human 
epidermis. Thereafter, perrneahilities for both tissues drop 
systematically. The maximally enhanced permeability in 
mouse skin approached that for mouse skin stripped of its 
stratum corneum. The peak permeability in human epi-
dermis is an order of magnirude smaller than for mouse skin 
wi th the duration of Azone treatment required [Q achieve the 
t _DodeCYlazaCYdOheptan_z_one ( l -dodecylhexahydro-2H-azcpin-2-one or Axone) was first reported by Stoughton [1J and McClure [2.3] to enhance the jlll/it ro and ill uiva penetration of human and mouse skin by structurally diverse drugs. Several importam variables 
can be idendfied for study in order [0 optimize the we of Azone as a 
skin penetration enhancer and understand its mode of action and a 
sizable number of reports have appeared in the literature addressing 
many facets of Azone's activiry 14-10). Foremost among the vari-
ables:lfe the nature of the permemt drug and (he physicochemio.l 
natute of the vehicle used to .. pply Azone to the skin (7). The latter 
necessarily leads to rhe quesrion of how permeabiliry enhancement 
by Azone depends on its concentration r4~7 , I 01. The sensitivities of 
the diff'eren( sources of skin to Azone and the time dependencies of 
Azone's action on the skin have to be explored [5,7). The exrem to 
which Azone's action is reversible [5,6.101 is importanr in this re-
speC( as ir in parr establishes its clinical suitability, as do any differ-
ences in its acrion on skin in in vitro and in vivo systems [5]. Multiple 
objectives have characterized the existing research in these respec[S, 
and a multitude of contributing factors have tended [0 be evaluated 
simultaneously without clarification of their interdependencies. 
T herefore, rhe overall picrure concerning rhe totaJ extent and the 
nature of A:zone 's action as an enhancer remain unclear. 
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full effect in human epidermis being twice that for mouse 
skin (= 20 h vs = 12 h) . Thus, there is a profound difference 
in Azone's action on these two [issue types. lr was also estab-
lished that the affinity of an enhan cer for a permeant drug can 
significantly offser its abi lity to enhance penneability. Specif-
ically, hydrocortisone was found to partition significantly 
intO the Azone-rich phase of the emulsion. lowering its con-
centration (and its thermodynamic activity) in the contin u-
ous aqueous phase and thereby reducing its flux through the 
skin. This physiochemical effect was profound enough to 
nullify the intrinsic permeability-enhancing effect of Azone 
as the rotal Azone concentration was raised to 10%. J I liVes! 
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As part of a comprehensive strategy to elucidate the mechanism of 
action of Azone, in VilfO permeation experiments using two com-
partmcnt diffusion cells were conducted to quantify tht" magnitudC' 
of Azone's action.s and to establish ·'conccntrat.lon-dfect" rclatlon-
ships and temporal profiles for its permeabiliry-enhancing action. 
The effects of Azone on hairless mouse skin and human epidermis 
were studied and corn£ared since there are indications that they 
might be dilferent (1.3J. In the studies. Azone solubilized and/or 
emulsified in 0.9% NaCI in amounts ranging from 0.001 % to 10% 
(wJv) served as the applications. Hydrocortisone was used 'lS the 
permeant because of its low skin permeabiliry {11.121. its non-elec-
trolyte attributes. and the abundance of data on its physicochemical 
properties. It serves as a reference for drugs in the steroid family, 
which encompasses a large number of important topical and sys-
temic therapeutic agents, and other large. moderately polar non-
electrolyte drugs. 
MATERIALS AND METHODS 
Chemicals {1.2-3H1Hydrocortisone (Amersham. Arlington 
Heights, IL) with a specific activiry of 40 Ci mmol- 1 and radio-
chemical purity of 97% - 98% was used as the pcrmeant. A 5-ml 
srock solution was prepared by dilu ting the original solution (1 mCi 
in I Illi tolucne:ethanol [9 : 1 v/v]) with absol ute ethanol. Azone 
(Nelson Research. Irvine, CAl and polysorbate 20 (Tween 20.J. T . 
Baker, Phillipsburg, NJ) were used as received. 0.9% Sodium C hlo-
ride for Irrigation, USP (Abborr, North Chic~go. IL) was used as the 
aqueous diffusion medium. 
P reparation of Azon e Emulsions One hundred milliliters of 
emulsions of Azone in a 0. 1% polysorbate 20/0.9% NaCI vehicle 
having Azone concentr~tions (w/ v%), respectively. of 0.001%, 
0.00316% {IO-:LS%}, 0.01%, 0.0316%, {10-LS%}. 0.1%, 0.316% 
(10- o.,%). 1 %,3. 16% {I 0'3%), and 10% were prepared. Emulsions 
0022-202X/ 89/S03.50 Copyrigh t © 1989 by The Society (or Investig:uive Dermatology. Inc. 
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of rhe highcrconcenrrarions. 0.1%-10%. were prepa.red by weigh-
ing our the appropriate amounr o( Azone (accurate to 0.5 mg) and 
0.1 g of polysorbate 20 (as an emulsion nabilize r) in 100011 volu-
metric flasks. 0.9% NaCI was then added to bring rhe final volume 
to 100 mi. The mix,tures were shaken and then homogenized tv.'ice 
(5 times (or the 10% emulsion) in a hand homogenizer. T he 
0.001 % CLnd 0.01 % media were prepared by diluting 1 011 and 
10 mi. respectively, ofrhe 0.1% emulsion to 100 ml. The amount 
of polysorbate 20 in d1C! dilute media was kept constant at 0.1 g by 
weighing out the difference in the volumetric flasks used to prepare 
the media in advance. Media with concentrations of 0.00316% and 
0.0316% were similarly prepared by dilucing rhe 0.316% emulsion. 
The m('dia prepared by diiucion were not further homogenized. 
This was because bc:1ow the 0.01 % Azone concentration the media 
actually clarified. The 0.01 % med ium had a slighdy turbid appear-
ance. Thus. media containing 0.01 % or less Azone did not appear to 
be true emulsions bur micellar solutions or microemulsions. A 0.1 % 
(wjv) polysorbate 20 in 0.9% NaCI served as the control donor 
diffusion medium. 
Preparation of Skin Membranes Dorsal skin (rom 100- ro 
t 60-d old male hairless mice of the SKH-hr-l strain (Skin and 
Cancer Hospital, Temple University, Philadelphia, PA) was used. 
The mice were klilcd by spinal cord dislocarion. The back of the 
momie was blocked out into four 2.5-cm square sections using the 
midline of the back and a div iding line centered between the ante-
rior and posterior ex tremities. Each skin section was excised, wetted 
with 0.9% NaCI, and [hen freed with scissors of fat adhering to the 
dermis. In general, the membranes from the four skin quadrants 
were used for a di.fferent experimental condition. Skin sections on 
either side of the midline were considered a matched pair having 
identical diffusional properties. When experiments we.re repeated , 
the skin iocations assigned [Q a given experimental condition were 
changed and [a ken from the opposite side of the anteroposterior 
dividing line. At least two experiments, and generally more, were 
done at each concentration. 
Human skin used for the " Azone concentration-effect" study and 
for the pretreatment study was dermatomed from the abdominal 
area of rwo separarr cadavers, 49- and 65-year-old white females. 
respect ively. These (issue sections were wrapped in cellophane 
sheets and kept' in a refrigerator at 2°e during (he approximately 
I-month period over which tilt:" experimenrs were conducred. As far 
as we could tell. the permeability of the ti ssues we.re unaltered 
throughoUt rhi s period. T o prepare membranes for diffusion, rhe 
skin was immersed in 60 °C water for 2 min, and the epidermis was 
gently peeled from the dermis. 
Diffusion Cells The glass diffusion cells (Side-Bi-Side 
DC-100B, C rown Glass, Somerville, NJ) consisredoftwosymmer-
rical half-cells (cylindrical chambers 3.4 ml in volume each) indi-
vidually jacketed with ci rculating water mainrained at 37 °C. Each 
chamber had a circul~1;f opening (= 0.8 cm2 in area) for diffusion. 
Stirring of tbe media within the chamber was achieved by exter-
nally driven magnetic stirring bars placed in circular depressions of 
the chambers near the opening. 
Concentration Dependency of Azone's Effect Skin sections 
were positioned across the openings between diffusion half-cells. 
With rhe oueer horny surface of the membranes facing the donor 
compartments, the half-cel ls were filled with 3 ml of diffusion me-
dium. In the receiver compartmcm , this was 0.9% NaCI for all tbe 
studies. In the donor compartment, 0.9% NaCI was used for the 
basel ine experiments, Azone emulsions were used for the perme-
ability-enhancement experiments. and 0.1% polysorbate 20 in 
0.9% NaCI was used for the control experiments. Each skin section 
was left ill contact with the respective diffusion media for t h before 
the start of a perme3.tion experiment. 
With hairless mouse skin. 100p.1. and with human skin, 200p.1 of 
the stock (lH1hydrocortisone was dried off under a stream of nitro-
gen and 575,ul of the respective donor medium was added. Five 
hundred and fifty microliters of such concentrates served as the 
charge to tbe donor compartment. Before adding the radioisotope, 
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500,u1 samples were taken from rhe donor and receiver comparr-
ments to assay for background radioactivity. Five hundred micro-
liters of 0.9% NaCI was added back to the receiver, and then 550 p.l 
of the radioisotope charge was added to the donor. After allowing 
250 sec for mixing. 50.IL1 of the donor medium was wi thdrawn to 
assess the donor initial concentration (typically = 1.5 - 2.0 X 10-7 
M). At appropriate intervals, 500-Jll samples were withd rawn from 
the receiver, transferred to vials containing 15 ml of scintillation 
counting cocktai l (Aquasol, New England Nuclear, Boston, MA). 
and counted in a liquid scintillation coumer (Model LS-9000, Beck-
mann, Fullerton, C A). Five hundred microliters of 0.9% NaCI was 
added back to the receiver after each sample was withdrawn. Each 
experiment was run until a pseudo-steady state for hydrocortisone'S 
diffusion was 'well established. The experimental periods varied 
from 14 to 24 h for hairless mouse skin and from 16 co 40 b for 
human epidennis. 
Temporal Profiles for Azone's Effects Membranes of hairless 
mouse dorsal skin or human epidermis were moumed between the 
diffusion half-cells. The receiver side was filled with 3 ml of 0.9% 
NaCl and the donor side with 3 ml of 0.1 % Azone emulsion, each 
already equi librated co 37°C. The. diffusion cell contems were he ld 
ar 37"C and continuously stirred with magneric stirring bars. After 
exposing rhe skin to the Azone medium for a prederermined inter-
val , the Alone containing medium was exchanged for sal ine. To 
accomplish this, the donor medium was withdrawn through a chin 
polyethylene cubing by a syringe, and the donor side was filled with 
3 ml of 50% (v I v) erhanol. After stirring for 2 min, the e(hanol was 
removed and the rins ing procedure was repeated. Three rinsings 
were madr with 0.9% NaCI. All rinses were done with media ini-
tially at room temperature. 
Following rinsing, the [lH1hydrocortisone diffusion experiments 
were commenced with 0.9% NaCI as the donor vehicle. One 
hundred microliters of the stock (lH]hydrocortisone was dried off 
undera stream of nitrogen and 3. 1 ml of 0.9% NaCi was added. The 
donor was then charged with 3.05 ml of [his medium. Fifty micro-
liters of tbe dono r medium was withdrawn 120 sec later to estimate 
(he initial concentration. Controls were done to see if the rinsing 
operations themselves had any effect on the membranes. In the 
control experimems 0.1 % polysorbate 20 was applied to the skin 
sections instead of the 0. 1 % Azone emulsion for the corresponding 
duration. The rinsing procedure appeared to be without effect on 
the skin. 
Analysis of Permeation Data The cumulative radioactivity in 
the receiver Icounts per min (CPM) per 0.5 mI)] was plotted as a 
function of time (h). These cumulative CPM were calcu12ted from 
the sample CPM by correcting for the CPM removed in the pre-
vious samples. Tht' permeability coefficient is given by 
V dC/ d, p~---A C • (1) 
where dC/dl' is the pseudo-steady state slope of the cumulative 
receiver concentration "ersus time plot; C, the concentration differ-
ence across the membrane, approximated by the initial donor con-
cenrration, assuming sink condi tion on the receiver side; V, the 
half-cell volume. and A, the diH"usional area. For the expcrimems 
with Illouse skin, dar-.l used in the above c2kulations were from 
experimental time periods where the donor concentration had not 
been depleted by more than 10% of its initial value and where the 
receiver concentration had not exceeded 10% of the donor. In the 
experiments with human skin, the depletion of the drug in the 
donor at t.he end of the experiments was 0.3% the most, and the 
highest accumulation in the receiver was less than 0.2%. The inter-
ceprs of fhe linearly regressed pseudo-steady state permeation pro-
file on (he time a,xis were taken as lag times. 
Partitioning Studies The phase. distribution of hydrocortisone 
berween Azone and water was determined at room temperarure 
(23"C) using a 20-1U1 plungerless glass syringe clamped vertically 
tip-down. T he t.ip of the syringe was fitted with a sealed plastic 
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needle bub which could be removed to allow liquid to drain. The 
barrel of the syringe was partially filled with 10 ml of distilled water 
containing pH)hydrocorrisone (=5-7 X 10- 7 M). Five milliliters 
of Azone were then placed over the aqueous solution in a manner 
that would minimize physical mixing of the phases. The aqueous 
phase (lower) W:liS stirred with a magnetic stirring bar driven exter-
nall y. The exposed Azone phase (upper) was stirred with a Tdlon 
propeller driven externally by a motor through a connecting shaft. 
Each phase was sampled periodically over 24 h . Steady concentra-
nons were obtained in the respective phases in = 6 h. Samples of the 
Azone phase were directly withdrawn with a micropipet. A small 
portion, = 1 ml , of the aqueous phase was drained through the 
syringe tip at each sampling period and then sampled for assay. To 
establish [hat no appreciable concentration dependency to parti-
rioning exisced. the experiment was repeated with the aqueous 
phase containing = 0.02% of unlabeled hydrocortisone in addition 
to r~H)hydrocortisone. 
RESULTS 
Over an experimental time period of 24 h, seemingly stepwise in-
creases in permeability were observed for the permeation of hairless 
mouse skin by hydrocortisone when the Azone concentration in the 
donor was 0.00316% or less (Fig 1). Representative hairl ess mouse 
skin ~rmeation pro£iJes for 0.1 % Azone and higher concenrrations 
:are plotted in Fig 2A. Representative: permeation profiles for human 
epidermis at 0.001 % Azone and higher concentrations are plotted in 
Fig 2B. These did not evidence stepwise increases in flux at low 
Azon(" concentrations as did mouse skin . T he permeability coeffi-
cients for hath tissue types arc selectively plotted on logarithmic 
scales in Fig 3. 
T be p:utition coefficient of hydrocortisone between Azone and 
Water at 23 °C was found to be 326 when only tniCe amounts of 
p H1hydrocortisone were used and 336 with the aqueous phase ini-
tiall y containing = 0.02% unlabeled hydrocortisone in addition to 
the radiolabeled drug. The average of these values, 331, was used to 
make adjustments in solution phase activity due to partitioning. 
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Figure 1. Representative profile (or the prnnc::nion of hairless mo use skin 
by hydrocortisone from 0.00316% Azo ne. The ordinate here: (and in Fig 2) is 
cumulative C PM in the': receiver corrected fot the CPM removed in the 
previous samples. 
THE JOU RNAL Of INVESTIGATIVE DERMATOLOGY 
Permeability coefficients for the permeation of hydrocortisone 
through hairless mouse skin and hum,,!-n epidermis pretreated with 
0.1 % Azone emulsion are ploned as a function of rhe duration of 
treatmenr in Fig 4a, b, respectively. 
DISCUSSION 
In control experiments and at low f O moderate Azone concentra-
tions, the permeability of hairless mouse skin seemingly increased in 
stages du.ring the runs. Under a given set o f experimental condi-
tions. the phasic patterns wae reproducible. It is the kind of partern 
one would obtain if there were condirioning-dependent phase tran-
si tions in the skin. W e speculate that rhi s may be due to the gradual 
effects of water and Azone on the horny tissue. With 0.00316% 
Azone as donor medium. the permeation profile waS curvilinear 
over 24 h and appeared to consist of four phases. as there seemed co 
be abrupt rather than. smooth and continuous increases in flux at 
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Figure 2. Representadve profil es fo r the permeatio n of skin by hydrocorti-
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indicates the ml.f1SltIon concentration from micellar to emulsified AlOne. 
three experimental time-poin.ts (Fig 1). Biphasic permeation pro-
files were observed for donor media consisting of either 0.001 % 
Azone. 0. 1 % polysorba te 20, or 0.9% NaCI. T his rype of behavior 
has been reponed before for the last case {1 1]. The second phase of 
these sets of profiles appeared at = 15 h (this is not the b g rime for 
these second phases of permeation but the timf' at which the slope of 
the pe rmeation profiles began ro change) into the experiments. In 
both phases. the penneability coeffi cient for 0.00 1% Azone was 
about twict' that for 0.9% NaCI. 
In assessing the concentration dependency of Azone's penneabil-
ity enhancement at these low Azonc concentrations, permeability 
coefficients obtained within the first 15 -16 h are used. So for 
0.00 1 % Azone, 0.1 % polysorbate 20 or 0.9% NaCl, the permeabil-
iry coeffi cients for hairless mouse skin used in the comparisons arc 
from the first phase of permeation. For 0.003 16% Azone, the "sec-
ond phase" permeability coefficient is used because this phase 
seemed to terminate at = 15 h into the ex periments and represents 
the maximal permeability ach_ieved wi thin this time period (this is 
the value plotted in Fig 3 for this Azonc concentr3tion). Hence 
comparisons in permeability are made for these Azone concentra-
tions within the same e.xperimental time frame. At higher Azone 
emulsion concentrations, single pseudo-steady states were observed 
starting at = 8 h over experimental periods of 12-24 h. It seems 
that at rhe intermediate to high Azone concentrations the skin had 
been altered by Azone suffi cicll ri y to mask or override the presum-
ably separate in.fluence of hydration. 
For untrea ted and 0.1 % polysorbate 20 treated human epidermis, 
the permeation profiles were curvilinear, particularl y so over the 
first 20 h of experiment. For the purpose of comparison with 
Azone-treated skin , a permeability coefficient was calculated from 
the slope of a line placed through the flatteSt part of the profile 
between 20 and 30 h. When Azone was presen t. only one pseudo-
steady state was observed for human epidermis over 30 h, and its 
onset appeared at = 20 h into the experimems irrespective of the 
Azone emulsion concentration. The fact that some permeability 
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coefficients are drawn from curvili near profiles in this fashion has 
little bearing on essentials of interpretation of the effects of Azone . 
Azone's Influences on Hairless Mouse and Hu.man Skin A.5 
seen in Fig 3. profiles of permeabiliry coefficients against Azone 
concemrarion for hairless mouse and human skin are similar in 
shape but differ remarkably in rhe magnitude of the permeabiliry 
coefficiems. The permeabiliry coefficients rise to maxima = 500 
time:s and = 20 tiInes the baseline values for hairless mouse skin and 
human epidermis. respectively. These maxima are seen for Axone 
emulsions between 0.01 % and 0.1 % total concentration. For both 
ti ssues, rhe permeabiliry coefficient drops systematically back = 30-
fold by the time tbe Azone emulsion concentration has been in-
creased to 10%. From peaks in permeability through descending 
parts of the twO profiles. the penneabiliry coefficients for the two 
skin tissues differ by - 6o-fold. The declines in permeability are not 
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accompanied by increases in lag times. ruling out decreasing dilfu-
sivity as the basis for the declining rates. Ie was suspected that the 
decrease in permeabiliry coefficienr mighr be due to reduced ther-
modynamic acciviry of hydrocortisone. especially when the parti-
tion coefficient of hydrocortisone between Azone and water was 
found to be over 300. Since [he partitioning of hydrocortisone into 
the stratum corneum is detennined by its thermodynamic activity in 
the external aqueous phase' of the donor medium. uptake of hydro-
cortisone into the Azone droplets would diminish penneabiliry. 
One can adjusr for the effect of partitioning into the internaJ phase 
by estimating and then using the actuaJ aqueous phase hydrocorti-
sone concentration in the permeability coefficient calculation. The 
raw permeabiliry data (Fig 3) were adjusted accordingly. using the 
following equarion: 
p.=P.[(K-I)<>+I]. (2) 
Here p .. is the permeability coefficient normalized for partitioning: 
Pc is the raw or apparent permeability coefficient calculated using 
Equarion I; K is the partirion coefficient of hydrocortisone berv.·een 
the two phases. approximated by the partition coefficient of hydro-
cortisone berween Azone and water, and a is tbe volume fraction of 
Azone in rbe emulsion. 
The effect of panirioning on donor phase hydrocortisone activity 
becomes consequential starting at 0.0316% Azone concentration, 
where the partitioning-adjusted permeabiliry coefficient is about 
10% higher than the appa.rent value neglecting partitioning. This 
happens to be rhe lowest concentration where Azone appears to he 
present in emulsified form. Partirioning-reduced activity leads to an 
apparent permeability coefficient only 3% of the <lctual value when 
the total Azone concentration is 10%. Permeability coefficiencs ad~ 
jusu:d for panitioning level off to values of 7.33 ± 1.12 X 10-2 
cmh- 1 for hairless mouse skin between 0.1 % and 10% Azone and 
1.23 ± 0.17 X 10-3 cmh- I for human epidermis between 0.01% 
and 10% Azone. respectively (Fig 3). It is nouble thatthe limiting, 
partitioning-adjusted penneability coefficient for hairless mouse 
skin is of rhe same magnitude as the permeability coefficient of this 
skin to hydrocortisone when its stratum corneum has been essen~ 
tiall)' removed (stripped 25 times with adhesive tape). 8.55 X 10-2 
cmh- I (1 \}. Azone renders the mouse stratum corneum ineffective 
as part of the total skin barrier. 
For human epidermis. the enhancement produced by Azone 
levels off at an Azone emulsion concentration of 0.0 1 %. one order 
of magnitude lower than tbat for hairless mouse skin. Though the 
baseline permeability coefficienr. obt:lined using 0.9% NaCI, of 
human skin is less tholD that of rhe hairless mouse: skin, at 0.001% 
Azone. the permeability coefficient for human epidermis is approxi-
mately twice thar for hairless mouse skin (Fig 3). 
Azone media at concentrations lower than 0.01% appear dear, 
and therefore Azone is presumably not present in emulsihed drop-
lets. It is reasonable to assume chat Azone is contained within mi-
celles of polysorbate 20. The 0.01 % media is slighrJy turbid and 
secms to represent the transition point from micelb.r sol ution to true 
emulsion. Alchough not expressly measured, the thermodynamic 
activity of Azone in micellar solution should be less than when 
Azone is present in eroulsihed form. The increase in permeabiJiry in 
mouse skin with increasing Azone below 0.0316% may reflect the 
increasing thermodynamic activity of micellar Azone. At 0.0316% 
and aoove, Azone is in emulsified form and is therefore at or near its 
limiting achievable thermodynamic activity in these aqueous sys-
tems. Further incteases in Azone therefore do not appreciably alter 
the physical form ir takes. Hence the thermodynamic activiry re-
mains essentially cODStanr,lead i_ng to a virtually invariant enhance-
menr in true (partitioning-adjusted) permeability. 
It can be seen that the thermodynamic activities of both the per-
meant drug and the enhancer in the applied vehicle determine the 
level of penerration of a drug into the skin. The former determines 
the level of partitioning of a drug into the skin of a given condition. 
The latter. in rum, determines the amoum of enhance:r taken up 
into the skin. Generally, this will bear some relationship to the 
degree of the enhancing effect on the skin. The data in a number of 
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reports dealing with Azonc's effects indicate rhe presence of these 
f.crors [1-4.7]. . 
The rate of release of hydrocortisone from the emulsified Azone 
droplets into the aqueous continuous was found not to influence the 
kinetics of mass transport of hydrocortisone through the system. 
This is because the flux of hydrocortisone: fell in exacr proportion to 
its decreased concentration in the aqueous phase of the donor. The 
emulsions in the donor diffusion compartment were continuously 
stined, and apparently this and the fact that the emulsion droplets 
confer a large interfacial area for release allowed hydrocortisone 
interphase equilibrium to be rapidly and conrinuollsty maintained. 
Hence equilibration of hydrocortisone berween the rwo phases 
occurs much faster than permeation. 
Temporal Pro files for Azone's Permeability Enhancing Ac· 
t ion By pretreating the ~kin with Azone and then measuring the 
permeabiliry of the tissue. one can follow the time it takes for 
Az.one's effect on these skin membranes to set in. In the present 
studies. only a ringle conccnrradon of Azone, 0.1 %, [he lowest 
concentration able to draw our Alone's full effect on the mouse skin 
was used (Fig 3). The permeabil iry-prctreatmem duration pro61es 
for borh ri ssues are seen to be roughly sigmoidal in shape (Fig 4a,b). 
For both tissues. over the early hours of treatment, rhe permeability 
systematically increases wirh rhe duration of rrearmem. The effects 
of Azone appear to be leveling off at 8 h for ha.irless mouse skin :lnd 
t 5 h for human skin . This is more easily seen in Fig 5, where the 
dau sets are placed on a log-linear scale. Near maximal rates of 
increase appeared to OCcur around 8 h of (rearment in the case 
ofhairiess mowe skin and around ISh for human epidennis (Fig 4). 
Permeabiliry coefficients of 6.61 X 10- 2 cmh- I after 12 h of treat-
ment with 0. 1 % Azone for hairless mouse skin and of 1.19 X lo-'l 
cmh- I for human epidermis after 20 h were reached. These limit-
ing permeabilities match well with the plate~u pr.rmeabilities for 
the twO tissues seen in the concentration dependency srud ies (Figs 3 
and 5). The latter value. 1.19 X 10-3 cmh- I , represents an - 40 
times increase over the baseline permeability (0.9% NaCI as donor 
medium) fo r this panicular human cadaver epidermis. however. 
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figuu S. Permeability coefficients for hydrocortisone permeation through 
hairless mouse skin (mixtd symbols) :and human epidermis (0P"' squares) 
pretreated with O. t% Az.on~ emulsion. Data points for mouse skin reprc· 
senred by the same type of symbol arc from the S2.me moust. The soliJ /ina 
connect avenge values. The dorttd..dashtd liM is the mouse skin limiring 
pe:rmcability coefficient found in studies when kone was continually 
prescnI, and the dashtd fjllt, that for human epidermis. 
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There is correspondence in other aspects of permeability behavior 
across the concentration and time dependency studies. In the con-
centration dependency experiments with Azone, the permeation 
lOne increased with time until a steady state in permeation was 
reached. The time at which steady state appeared and the penneabil-
ity at the neady State correspond well with the limiting time and 
penneability found in the pretreatment studies. The high level of 
correspondence in the results of these experimentally very different 
studies indicates that the permeability enhancement is caused by 
some specific action of Azone on the membranes which is sustained 
even after Azone is removed from contact with the skin. Mori.moto 
et al [6J came to a similar conclusion in their study of the permeabil-
ity of 5-Auorouracil through rhe skin of the Wistar rat using com-
parahlc methodology (3% Azone/ O.l% polysorbate 20). 
One might expect a higher concentration of Azon{' to give a 
faster approach to the same maximal permeabili.ty. However, in rhe 
concentration dependency studies , the time needed to reach the 
steady state of permeation was the same over the range of Azone 
concentration where intrinsic permeability enhancement (corrected 
for partitioning) had plateaued. This was = 8 h of Contact tillle with 
Azone for hai.rless mouse skin and = 20 h for human epidermis. 
Thus, high Azone emulsion concentrations do not necessarily accel-
erate the anainment of th~ final altered state in penneability. 
Th~ data obtained here and in the literature [6.10] indicate that 
the changes in the skin induced by pretreatment with Azone are 
pe.rmanent. Minimally, they last as long as the duration of the per-
meation experiments themselves. In this srudy, this is indicated by 
the persistence of constant seeady-state penneation through the ex-
periments {under virtually constant donor drug concentration} 
which could be as long as 24 h for short-duration treatments. H ow-
ever. Mirejovsky and Takruri l5] found that conditioning of the skin 
of live hairless mjce with Azone for prolonged periods (6 -24 h) 
gave less enhancement to the permeability for hydrocortisone than 
did shorr pretreatments (1- 3 h) of the sk in after excising the mem-
branes and mounting them in "Franz" diffusion cells. However, the 
level of enhancement was similar for both pretreated live and ex-
cised skin when the pretreatment durations were limited (1-3 h). 
The effect of long in vitro pretreatment with Azone was not shown, 
raising some questions about the reported difference between in 
vitro and in vivo pretreatment. Moreover, in the study by Morimoto 
e! al [6], steady-state penetration by 5-Auorouracil was observed 
ov~r siI?iiar duutions (6-8 h) in Wisrar rat skin pretreated in vitro 
or In VIVO. 
H ow Azone affects rhe stratum corneum in increasing its perme-
ability to hydrocortisone is still unclear. Barry and Bennett P3] 
suggested that hydrocortisone penetrates human epidermjs by a 
mainly lipid route . They interpreted the increased hydrocortisone 
permeation under the action of Azone in propylene glycol to be a 
lipid-route effect, This is corroborated by differential scanning 
calorimetric data on Azone-treated human stTatum corneum show-
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ing that Azone eliminated lipid thennal phase transitions in the 
tissue [14]. H owever, concrete data ducidating the mechanism of 
action of Azone are still lacking in the literature. 
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